Background: A systematic and structured approach to the support and supervision of health workers can strengthen the human resource management function at the district and health facility levels and may help address the current crisis in human resources for health in sub-Saharan Africa by improving health workers' motivation and retention. Methods: A supportive supervision programme including (a) a workshop, (b) intensive training and (c) action learning sets was designed to improve human resource management in districts and health facilities in Tanzania. We conducted a randomised experimental design to evaluate the impact of the intervention. Data on the same measures were collected pre and post the intervention in order to identify any changes that occurred (between baseline and end of project) in the capacity of supervisors in intervention a + b and intervention a + b + c to support and supervise their staff. These were compared to supervisors in a control group in each of Tanga, Iringa and Tabora regions (n = 9). A quantitative survey of 95 and 108 supervisors and 196 and 187 health workers sampled at baseline and end-line, respectively, also contained open-ended responses which were analysed separately.
Background
There is a growing body of evidence on the importance of Human Resource Management (HRM) in the quality of services that health workers are able to deliver. Agencies such as the Capacity Project have identified planning, developing and supporting the workforce as the three pillars needed to strengthen human resources for health (HRH) to implement quality health programming in developing countries [1] . Most governments are addressing the planning aspects of HRM, through initiatives such as increasing the output from health professional training colleges or attracting retired health workers back into the workforce, but outputs from previous research [2] clearly articulate the need to address support of the workforce.
Supporting the workforce involves strengthening systems to improve and sustain health worker performance. Central to this is the critical need to improve supervision systems to enhance health worker motivation and productivity. Sporadic supervision visits from district management and programme managers have been found to be erratic and their use of conflicting guidance during supervision leaves staff confused and demoralized [3] . The World Health Organization [4] emphasized that supportive supervision that strengthens relationships, identifies/resolves problems and gives constructive feedback can contribute more to performance of health workers; however, the operationalization of the supportive supervision concept is challenging. In many resource-constrained countries, the traditional visiting supervisor model is common, but there is broad consensus that this is not effective [3, 5] . Benefits of having supportive supervisors in the workplace include enhanced job performance, satisfaction, collaboration and organizational commitment for subordinates, as well as reduced turnover intentions [6] [7] [8] [9] . Ongoing support is needed for health workers in the frontline of service delivery to perform to their full potential. Supervision, therefore, is one of the most relevant tasks in HRM. However, health managers commonly neglect supervision, and many supervisors lack the knowledge, skills and tools for effective supervision [10] .
Tanzania's Ministry of Health and Social Welfare (MOHSW) has made several efforts to address supervision at the primary care level by structuring the process to ensure that every frontline staff member is supervised [10] . Primary health care workers in Tanzania have reported dissatisfaction with the supervision they receive and often go months without supervision [11] . The quality of the supervisory visits also vary, though many found it helpful it was reported to be infrequent and of poor quality because of the minimal amount of time spent at the facilities during supervision [12] . Supervisors were also reported to be judgemental, fault finding and unsystematic in their approach and to provide inadequate feedback [13] . Reviewing the literature and current developments in Tanzania human resource training, it has become apparent that what is needed is a comprehensive, feasible, methodologically sound and evaluated intervention to improve HRM.
The Support, Train and Empower Managers (STEM) intervention was designed to provide a structure and skill set to put HRM policies into practice by supporting health workers in supervisory roles to provide supportive supervision. This paper reports changes in supervisors' assessment of their competency levels as a result of taking part in the study.
Methods

Study setting
The study took place in the regions of Iringa, Tanga and Tabora in Tanzania. The selection of the districts was influenced by the team's decision to: a) Work with facilities where few or no other non-governmental or governmental organisations were currently providing supervision training b) Include a range of facilities with high, medium and low levels of attractiveness as places to work (this was determined through analysis of data from a previous study) c) Include geographically dispersed councils to reduce the risk of cross-contamination between groups that might be located in neighbouring councils
In each region, three districts were selected with two intervention groups and one control group, i.e. Handeni, Muheza and Tanga city (Tanga region), Ludewa, Mufindi and Iringa Municipal (Iringa region) and Urambo, Nzega and Tabora municipal (Tabora region). Five health facilities were selected for inclusion in the study from each district and were assigned to the same group. The criteria for selection were facility level and staffing level. Regarding facility level, all health centre in the district were first selected (all have a larger number of staff compared to dispensaries), and where the number health centre is lower than required, the dispensaries that provide Reproductive Child Health Services (RCH) and with higher staffing level compared to others in the district were selected to fulfil the requirement. All health workers in the selected districts participated in the study. A total of 45 health facilities were sampled in Tanzania, 15 from each of three geographical regions-Iringa, Tabora and Tanga at baseline and end-line. Within each region, five health facilities were sampled from each of three districts. The sampled health facilities included both health centres (21) and dispensaries (24). Additional file 1: Table S1 shows the distribution of sampled health centres and dispensaries across the three regions, grouped by district and intervention group. All five health facilities in each of the selected councils were assigned to the same group or cluster.
The intervention components were (a) workshop with district health management teams and facility managers on human resource management, (b) intensive training in supervisory and support skills for managers directly engaged in supervision, aimed at strengthening the capacity of these in-charges at a facility level or (c) action learning sets for staff engaged in supervision at the district and facility level which followed on from the training and continued for a period of 12 months.
The first element of the STEM was a series of workshops on HRM with the reproductive and child health personnel on the District Health Management Team and with obstetric care facility managers; focus group discussions were also carried out with these personnel. The data generated from the workshop and focus group discussions provided us with information on their needs and priorities.
The second element was a 5-day training with health workers with supervisory responsibility and district level staff with supervisory responsibilities. The challenges and practice gaps that supervisors had highlighted during the workshop were used to refine and focus the content of the training. They were also used as the foundation for some exercises or peppered throughout the training to illustrate key learning points, bringing texture and clarity to the theory. The training content and implication is being reported in another paper. This intensive training aimed to equip supervisors with the knowledge, skills and attitudes necessary to undertake effective, supportive supervision. The complete set of training slides and facilitator's notes can be found in the STEM Training Manual for Facility Supervisors. The training was designed to challenge participants to rethink the elements of their current supervision process. Its focus on supportive supervision aimed to engender a mindset where teams of health workers identified their own challenges and achieved results with support from their supervisors.
The third element was action learning sets with supervisors in the facilities selected for the intervention which met monthly over a period of 1 year. The ALS built on the learning from the intensive training and allowed participants to discuss successes and challenges in implementing their new supervisory skills; it was also aimed to support collaborative learning. The ALS enabled supervisors to participate in a peer group network who met once a month to provide mutual learning and support and to share best practices. Results of the impact of the ALS are reported elsewhere.
The overall objective of the STEM project (support, train and empower managers) was to strengthen the human resource management (HRM) function at district and health facility level, by increasing the capacity of managers to support and supervise their staff. The study was based on two hypotheses.
1. Regular supportive supervision delivered by local facility staff will improve job satisfaction and engagement and reduce turnover 2. Action learning sets will enhance the anticipated benefits of supportive supervision.
This paper reports only on the perceptions of supervisors and health workers in changes of the supervision competency level at the target facilities before and after the intervention. Other aspects of the study including the action learning sets, impact on health workers are reported in separate papers. We used a quasi-experimental design with districts assigned to intervention or control groups and pre-and post-test measures were taken from supervisors and health workers to evaluate the impact of the following interventions on HRM: 
Data collection
The baseline study assessed supervisors' (direct beneficiaries) and health workers (indirect beneficiaries) understanding of and competence in supervisory tasks, as well as the frequency with which they perform the key tasks of supervision. Data were collected on the same measures at the end of the project to identify any changes that occurred (between baseline and end of project) in the capacity of managers/supervisors in intervention group 1 (a + b) and group 2 (a + b + c) to support and supervise their staff, and compare these to managers/supervisors in control group 3.
The baseline data collection took place in May and June 2012 and end-line data collection took place in March and April 2014, with the intervention components running from June/July 2012 to February 2014. The sample of respondents comprised approximately 40% of the total available staff in the targeted facilities on the day of data collection for baseline and 38% for end-line.
The profile of supervisors at baseline and end-line was similar although end-line sample has a slightly lower average age; there were a total of 95 and 108 supervisors sampled at baseline and end-line respectively. Demographic characteristics were broadly similar in the two samples. Forty-one supervisors completed both baseline and endline surveys (10 control, 18 intervention a + b and 13 intervention a + b + c). Table 1 shows the breakdown of sample size by intervention group, which is similar at baseline and end-line. The health worker sample distributions across intervention groups were also similar at baseline and end-line, with a larger percentage of health workers from intervention a + b + c districts (46.4% at baseline, 42.8% at end-line). The control group had the lowest relative sample size, making up about one fifth of the baseline and end-line samples. A total of 196 health workers sampled at baseline and 187 at end-line (Table 2) . Thirty-two health workers completed both the baseline and end-line questionnaires (4 control, 9 intervention a + b and 19 intervention a + b + c).
Prior to data collection, meetings were held with the key stakeholders, i.e. HR personnel in Ministry of Health, District Health Personnel, Development Partners and NGOs working on strengthening the human resource management in each country's health system, as well as Irish Aid development specialists and Heads of Mission in Tanzania. Each of the nine selected councils was informed about tentative dates for data collection. As such, the relevant staff (the District Health Secretary, District Medical Officer (DMO), and District Reproductive and Child Health (RCH) Coordinator) at the council level were aware and prepared to receive the research team. This facilitated planning and logistical arrangements for data collection. In every district, data collection began after a brief introduction of the STEM team to the relevant council top officials, i.e. the District Executive Director, District Medical Officer and District Health Secretary. The introduction included seeking facilitation of the teams to the selected health facilities. All data collection was carried out using standard ethical procedures. The objectives of the study were explained and confidentiality was assured. Informed, signed consent was obtained from every respondent and all data and records were rendered anonymous through the use of a unique identity number.
The STEM intervention aimed to change the behaviour of supervisors and having a positive impact on health workers' experience of supervision and on their levels of job satisfaction and engagement as a result of positive changes in the behaviour of their supervisors so needed instruments that captured supervisor performance and perspectives. This was achieved by adapting an existing Supervisor Competency Self-Assessment Inventory developed by Management Sciences for Health. This is a self- report measure designed to assess the frequency with which in-charges/managers carry out 24 specific supervisory activities. The inventory was administered to health facility personnel in all project districts who had supervisory responsibility (e.g. facility in-charge, maternity/ward in-charge, programme supervisors). The questionnaire has been used by individuals and organisations to assess their competence and performance as supervisors and the results used to develop a plan of improvement. It is also used as a guide to curriculum development for supervisory training using the components as a basis for a need assessment exercise [14] . Section A contains demographics, medical qualifications, current job position and length of service in the current facility.
Section B contains information on the manager's experience of supervision. It includes the number of staff for whom they have supervisory responsibility, and the frequency, type and duration of supervision used. Section C is the self-assessment inventory. It asks participants how frequently they perform a range of supervisory activities. Response options are never (0%), rarely (less than 25%), sometimes (25-75%), often (more than 75%) and always (100%). Supervisory activities are grouped into five clusters: Section E consists of changes in supervisory activities since the introduction of STEM.
Section F consists on usefulness and impacts of STEM Diary. (10) 40 (10) 39 (10) 36 (10) 37 (11) 36 (11) Highest medical or paramedical qualification Section G consists on usefulness and impact of STEM Action Learning Sets.
Health workers completed a health worker survey which included information on their demographics (Additional file 2), their experience of supervision, and a corresponding survey to the Supervisor Competency Self-Assessment Inventory (CSAI) to assess health workers' perceptions of their supervisor's performance across the same clusters (excluding time management). Items from the supervisor CSAI were slightly re-worded to be assessed from the health worker perspective. For example 'In my interactions with staff, I communicate my general expectations about performance to staff' was worded as 'In interactions with staff, my supervisor let's me know what is expected of me in my job'. The survey also contained information on health worker job satisfaction, intention to leave burnout and work engagement scale, the results of which are reported elsewhere.
Both surveys (supervisor and health worker) were pre tested in two selected dispensaries in Tanga City which had similar characteristics with the health centres participating in the research. All items proved to be reliable measures, were easily understood by the pilot participants and elicited expected responses in line with previous use [15] .
The Supervisor Competency Self-Assessment Inventories were collected in hard copy questionnaires. Responses were then entered into Tablet PCs, using a customised computer application that had been developed for this purpose. These were automatically exported to Excel. An SPSS database was created for storing, cleaning and analysing the data.
Sample size and statistical power
It was difficult to predict the number of health workers and supervisors that were employed and could be recruited from each facility visited. It was aimed to recruit between 25 and 45 supervisors per treatment group. This would give 80% power to detect an effect size (Cohen's d) between 0.71 and 0.53 for the CSAI between baseline and end-line (a medium-large effect), at a significance level of 0.05. It was aimed to recruit between 40 and 90 health workers per treatment group, giving 80% power to detect an effect size (Cohen's d) between 0.56 and 0.37 for the CSAI between baseline and end-line (a small-medium effect), at a significance level of 0.05.
Data analysis
Data analysis was carried out using R (version 2.15.0), a software environment for statistical computing and graphics. Categorical variables were summarized by frequencies and percentages, while numeric variables were summarized by means and standard deviations. Total scores for each component of the CSAI were calculated by summing over items.
Mann-Whitney U tests were used to test for differences in scores on supervision sub-scales between baseline and end-line. The p values from these tests were corrected for multiple testing error using the false discovery rate (FDR) approach of Benjamini & Hochberg [16] . Reported are p values and adjusted p values (FDR-p). Reliability coefficients (Cronbach's alpha) were calculated in SPSS Version 20.
Ethical approval
The study was approved by the Health Policy and Management/Centre for Global Health (HPM/CGH) Research Ethics Committee of the Trinity College Dublin (12/002/ 2011) and the Ifakara Health Institute Institutional Review Board (IHI/IRB/08-2012). Informed, signed consent was obtained from every respondent and all data and records were anonymized by using unique identity numbers.
Results
Demographics
Due to constant transfer and rotation of staff in the facilities and districts studied, some of the end-line participants differed from the baseline.
A total of 95 and 108 supervisors were sampled at baseline and end-line respectively. Demographic characteristics were broadly similar in the two samples. Forty-one supervisors completed both baseline and end-line surveys. Table 1 summarizes sample size and demographics by intervention group, and by time point (baseline vs end-line). Demographics are broadly similar across interventions groups and across time points, with some minor differences. Gender distribution was similar at baseline and end-line, but with a slightly higher percentage of males in the control group relative to intervention groups a + b and a + b + c (Table 1) . Age distributions were broadly similar, although the endline sample was a little younger than the baseline sample on average, with an overall mean age of 43.7 at baseline and 40.9 at end-line. The majority of sampled supervisors were clinical officers (29.5% at baseline, 21.3% at end-line) and registered nurses/midwives (35.8% at baseline, 41.7% at end-line). The end-line control group had a lower percentage of clinical officers than other groups, while the baseline control group had a lower percentage of registered nurses/midwives than other groups. Elementary-level cadres (medical attendants/MCH aides, enrolled nurses/midwives) made up 23.2% of the baseline sample and 24.1% of the end-line sample, and there was some variety across intervention groups. The majority of sampled supervisors were facility in-charges (40% at baseline, 32.4% at end-line) and heads of unit (38.9% at baseline, 37% at end-line). Job positions were similar across intervention groups at baseline and end-line. Supervisors (intervention a + b and a + b + c) were asked whether they had ever had any other supervision training or skills building prior to STEM. Three quarters (74.4%) responded that they had not.
A total of 196 health workers were sampled at baseline and 187 at end-line. The distribution of health workers was similar across regions and districts at baseline and end-line. The largest differences in sample size from baseline to end-line were observed in the districts Tabora Urban and Nzega. The sample distributions across intervention groups were also similar at baseline and end-line, with a larger percentage of health workers from intervention a + b + c districts (46.4% at baseline, 42.8% at endline). The gender distribution of the respondents is similar in baseline at end-line with females in the majority, at 79% of the baseline sample and 81.7% of the end-line sample. There were some differences in gender distribution across intervention groups, the control group having the highest percentage of males and intervention group a + b + c having the lowest. Age distributions of health workers were broadly similar at baseline and end-line although it is evident that the baseline sample (mean age of 40) were a little older on average than the end-line sample (mean age of 36). The age standard deviations were also similar at baseline and end-line. Table 2 shows that the distribution of cadres at baseline and end-line was broadly similar, but with some variations. Medical attendant was the most common cadre in all intervention groups at baseline and end-line. The end-line sample had a higher percentage of registered nurses and midwives (38.5% compared with 21.5% at baseline), a lower percentage of clinical officers (1.6% compared with 5.6% at baseline) and a lower percentage of elementary-level cadres (58.8% compared with 70.2% at baseline). There was also a slight variations in cadre distribution between intervention groups, e.g. a lower percentage of medical attendants in intervention group a + b at end-line.
Reliability
Cronbach's alpha was calculated to measure the reliability of the measurement instruments. Reliability was assessed for each of the scales: interactions with staff, maintaining high levels of performance, dealing with performance problems, counselling troubled employees and time management. In the supervisor survey, reliability was at least acceptable (≥0.7) for all scales at baseline and end-line, except for 'counselling a troubled employee' at baseline with a Cronbach's alpha of 0.621 and 'time management' at endline with a Cronbach's alpha of 0.652 (Additional file 3). In the health worker version of the survey, reliability was good (0.8-0.9) for all scales, and excellent (≥0.9) for 'maintaining high levels of performance' , at both baseline and end-line.
Experience of supervision
One-to-one supervision sessions were most common among supervisors interviewed, with 57.9% of baseline supervisors and 47.2% of end-line supervisors responding that this was the most frequent type of supervision session they used.
Supervisor responses about the appropriate duration of supervision were quite different at baseline and endline. At baseline, 28.4% of supervisors were of the opinion that supervision sessions should last 15- 
Health workers were asked about the frequency, type and duration of supervision they receive from facility incharges or management. There were some differences between the baseline and end-line responses regarding the frequency of supervision. For example, in the baseline sample there was a lower percentage of health workers reporting that they receive daily supervision from facility in-charges or management (46% compared with 56.1% at end-line), and a higher percentage reporting weekly supervision (31.5% compared with 15.8% at baseline). Responses regarding type of supervision most frequently received from facility in-charges or management were similar between baseline and end-line samples, with approximately half of health workers receiving one-to-one supervision most frequently, and just under a half who most frequently receive supervision in a group/team. Reported usual duration of supervision sessions was similar at baseline and end-line, although there was a higher percentage of health workers at end-line who reported that supervision sessions usually last 15-30 min (53.8% at end-line, 43.5% at baseline) and a lower percentage who reported that the usual duration of supervision sessions with facility in-charges or management was over 30 min.
Supervisor self-assessment and health worker assessment of supervisors' performance Table 3 summarizes the responses of supervisors when asked about their interactions with staff, as a supervisor. In interventions a + b and a + b + c, just 66.2% of supervisors in the baseline sample responded that they usually or always 'actively attempt to solve problems in the health facility' , while in the end-line sample this percentage was much higher, at 80.2%. Table 14 shows no statistically significant differences in total scores on 'interactions with staff' at baseline and end-line, assessed separately for the control, intervention a + b and a + b + c groups. Table 4 summarizes health workers responses when asked about their supervisor's interactions with staff. In intervention groups a + b and a + b + c (combined), less than one third (64.7%) of health workers in the baseline sample responded that their supervisor usually or always 'listens to me and takes notice of my concerns'. At endline, in contrast, 82.6% of the sample responded that their supervisor usually or always does this (Table 4) . Total scores on 'How my supervisor interacts with staff' differ a little between baseline and end-line health worker samples (Table 13 and When asked about activities carried out to maintain high levels of performance (Table 5) , at baseline, supervisors seemed to have difficulty with 'recommending opportunities for training when this is appropriate' , with only 60.3% of supervisors in the baseline sample who usually or always do this and 23.5% who never/rarely do this. The end-line sample was more positive, with 72.8% responding that they usually or always recommend opportunities for training where appropriate. At baseline, 11.8% of supervisors admitted that they never or rarely 'provide constructive negative feedback to staff if necessary' , with 72.1% of supervisors responding that they usually or always do this. Results were more positive in the end-line sample, with only 3.7% of supervisors responding that they never or rarely carry out this activity, and 88.9% responding that they usually or always do this. Total scores on 'maintaining high levels of performance' for baseline and end-line samples (Table 12 and 14) show that in the control group, scores for the end-line sample are in fact slightly lower than for the baseline sample. In both intervention groups, the end-line samples have generally higher scores than the corresponding baseline samples. However, the difference in this measure between baseline and end-line is only statistically significant in intervention a + b (p < 0.05). Health workers were asked about activities carried out by their supervisors to maintain high levels of performance. The responses are summarized in Table 6 for intervention group (a + b and a + b + c). At baseline, 26.1% of health workers responded that their supervisor never or rarely 'recommends opportunities for training...' , with less than one third responding that their supervisor usually or always did this. The end-line sample presents a different picture, with just 8.1% of intervention a + b and a + b + c health workers specifying that their supervisor never/rarely recommends opportunities for training where appropriate, and 81.9% responding that their supervisor usually or always does this. This difference between the baseline and end-line samples reflects the differences in the supervisors' own attitudes. Furthermore, at baseline, less than two thirds (64.7%) of sampled health workers (intervention group a + b and a + b + c) responded that their supervisor usually or always 'uses fair measures and guidelines to assess how well I'm doing'. At end-line, this percentage increased to 86.6% of health workers. The mean total score on 'maintaining high levels of performance' was not significantly different between baseline and end-line for the control group, but was significantly different (with higher mean scores at end-line) for intervention groups a + b and a + b + c, reflecting the trend observed in the supervisor data.
Supervisors in interventions a + b and a + b + c had higher scores in general on 'dealing with performance problems' at end-line than at baseline Table 7 . Specifically, at baseline, close to 20% of supervisors responded that they never, rarely or sometimes 'assess whether additional training may be needed for skill deficiency'. At end-line, this percentage was much lower (6.2% of endline supervisors). Tables 12 and 14 show that in both intervention groups, the total scores on 'dealing with performance problems' are higher on average at end-line than at baseline though this difference is more marked in intervention a + b (p < 0.05). In contrast, mean total score on 'dealing with performance problems' in the control group was slightly lower at end-line than at baseline. At end-line, the percentage of supervisors who responded that they usually or always 'listen, guide and encourage the employee to solve his/her own problems is 93.8%, quite a bit higher than the corresponding baseline percentage of 77.9%. At end-line, health workers in intervention groups a + b and a + b + c were very positive overall about how their supervisors deal with performance problems (Table 8) . For example, a large majority (87.2%) felt that their supervisors usually or always '[don't] blame anyone unless they are really sure about the problem'-compared with 67.3% of the baseline health workers in these intervention groups. Trends in total scores on 'dealing with performance problems' are reflective of those of supervisors, with increases in the mean total score in intervention groups a + b and a + b + c (p < 0.05), and a slight decrease at end-line in total score on this section for the control group.
In the supervisors survey, total scores on 'counselling a troubled employee' are higher in general for the end-line samples than the corresponding baseline samples for intervention groups a + b and a + b + c (p < 0.05), and particularly for intervention a + b + c. For the control group, the opposite is the case, with lower mean scores in general at end-line than at baseline (Table 12 and 14) . Again, trends in health worker responses matched those of supervisor responses.
When asked about how their supervisor deals with problems, the end-line sample of health workers (intervention a + b and a + b + c districts) were more positive than the baseline sample about how their supervisors deal with their (health workers') problems. At baseline, less than two thirds (65.4%) of the sample responded that their supervisor usually or always 'puts me in touch with a service that can help me, if this is what I need' , while at end-line this percentage was much higher at 84.6% (Table 9 and 10). Total scores on this section were higher on average at end-line than at baseline for health workers in both intervention groups (p < 0.05) but were never/rarely some-times usually/always never/rarely some-times usually/always I offer assistance when known problems or difficulties interfere with staff job performance slightly lower on average at end-line than at baseline for the control group, as with the supervisor survey. Supervisors were asked about three activities that they carry out to manage their time (Table 11) . A larger percentage (91.4%) of the end-line supervisor sample reported that they usually/always 'plan [their] daily, weekly and monthly schedule to allow time for the most important tasks' , than in the baseline sample (77.9% of baseline supervisors). Total scores on time management were generally higher at end-line than at baseline for supervisors in intervention a + b, with little difference between baseline and end-line scores for supervisors in the control and intervention a + b + c districts). However, intervention a + b + c scored generally highly on time management at baseline, with at least 50% of supervisors getting the maximum possible score of 15, and therefore, there was not so much scope for improvement as in intervention a + b.
Overall, there are some noticeable differences in the baseline and end-line scores for supervisors in interventions a + b and a + b + c. Table 12 shows the difference in mean (with standard error) and median scores on CSAI between baseline and end-line samples, by intervention group. Also shown are the p values from MannWhitney U tests for a difference in the distribution of total scores between baseline and end-line (Table 13 ).
The rightmost column in the table shows the p values adjusted for multiple testing error (FDR-p). For the control group, there is little difference in the mean and median scores from baseline to end-line, with end-line mean scores slightly lower than the baseline mean scores. This is also reflected in the lack of significant differences between baseline and end-line scores. For intervention a + b, significant differences between baseline and endline were observed in the total scores on 'maintaining high levels of performance' , 'dealing with performance problems' , 'counselling a troubled employee' and 'time management'. In contrast, for intervention a + b + c, a significant difference in distribution of scores was only found on 'counselling a troubled employee' , although the end-line mean scores were higher than their corresponding baseline mean scores for all parts of the CSAI. The fewer significant differences for intervention a + b + c could possibly be explained by the fact that the baseline scores in this group tended to be higher to begin with, leaving less scope for improvement.
Total scores were calculated for each part of CSAI on the health worker survey, by summing over items. Table 14 shows the means, medians and standard deviations of these total scores for each intervention group at baseline and end-line. Table 15 shows the difference in the mean and median values between baseline and end- line for each subscore, the standard error of the difference in means, and results of a Mann-Whitney U test to test for differences in the distribution of total scores between the baseline and end-line samples. In both intervention groups, the mean subscores were higher for the end-line samples than the baseline, across all parts of section C. The differences in sample means were larger in intervention group a + b + c than in intervention group a + b for all subscores, except the last, 'If I have problems, my supervisor…'. For intervention group a + b + c, significant Table 16 .
About half of the supervisors did not respond to these questions, so it is likely that these did not complete the STEM training. Of the supervisors who completed this section, responses were very positive. A large majority of supervisors (87.8%) felt that they were much better at 'treating staff with respect and recognizing their contribution' , with a further 9.8% responding that they were 'a little better' at this. Furthermore, 81% of the supervisors felt that 'problem solving within the facility' was much better, while 14.3% felt it was a little better. The least improvement was seen regarding 'overall workload' , with 81% saying this was either a little or much better, 9.5% about the same, and 9.5% (4 supervisors) a little worse or much worse.
Discussion
The results of the study suggest that the intervention package, which includes workshops, 1-week intensive training and 12 months of action learning sets, within 18 months can contribute to improved understanding and application of supportive supervision by supervisors and help remove some self-perceived barriers such as time management and lack of confidence. The absence of supervision or the provision of poor quality, sporadic supervision has a demotivating effect on frontline health workers. A key aim of this intervention was to improve the working environment and specifically supervision, by targeting managers and their approach to HRM. Improvements in working environment were determined through changes in the perceptions and experiences of supervisors and health workers in the facilities selected for participation in this study. The results indicated an improvement in the intervention a + b and a + b + c districts. In both intervention groups, the end-line samples have generally higher scores than the corresponding baseline samples for both supervisors and health workers. However, the difference is more marked in intervention a + b for the supervisors and in intervention a + b + c for health workers. This provides evidence of the positive impact of the intervention on supervisors' behaviours in the intervention groups, compared with the control group and demonstrates that supervisors are making procedural changes within their facilities which will in turn have a positive impact on staff. Of concern was that only half of the supervisors and health workers who participated in the baseline survey were available and participated at the end-line survey suggesting that there is a substantial amount of transfers and movement of health workers between facilities and districts. This may have some implications on human resource for health planning especially as it relates to human resource management strategies in district health systems because of the lack of continuity. The study has several limitations. First, the unavailability of many of the baseline sample at end-line has reduced the power of the study. The fact that the pre-and postintervention surveys were completed by different individuals in many cases (i.e. the data was not paired) meant that it was not possible to calculate individual changes in scores and compare change in scores between intervention groups, and between control and intervention. Furthermore, the study was powered to detect only a mediumlarge effect size for the supervisor sample; the study is not sufficiently powered to detect small effect sizes for most analyses.
Our measure on supportive supervision was based on supervisor's self-reported perceived performance and the health workers' perceptions of their supervisors' performance at baseline and end-line. This may not be a complete reflection of the support provided by the supervisors and/ or received by the health workers.
In our previous studies and also from previous research, we have observed that motivation is difficult to maintain in a supervisory culture of inspection and fault finding using a checklist approach [2, 3, 17, 18] . STEM is one of the few interventions that has attempted to address this problem in sub-Saharan Africa and, despite its limitations, interventions like STEM can be used to support existing policy. With some countries like Tanzania moving towards a supportive supervision approach and the government publication of National Supportive Supervision Guidelines to address earlier shortcomings in human resource management [19] , a systematic approach to supportive supervision is recognised as a vital component of HRM and critical to development of the health workforce. In an earlier research study in Tanzania exploring districts health managers' perception of supervision, policy-level attention to the importance of supportive supervision as a tool for advancing health sector objectives was observed and the managers' attitudes suggested a paradigm of teaching, problem solving and improvement. This reflects a national commitment, reinforced with clear mechanisms, structures and shared expectations that views supportive supervision and the attitudes upon which this is based as a necessary part of the HRM process [20] . Supervisors felt that STEM provided them the skill set to be a good supervisor and the support to further develop these skills. The benefits of developing such skill sets have been documented in literature and they include increased job satisfaction, improved health worker motivation, better ability to identify problems and solve them in a timely manner, identifying staff needs and providing opportunities for personal development [17, [21] [22] [23] . Lack of quality human resource management can affect health care systems in Tanzania and our result shows a general improvement of supervisor's knowledge and practice of supportive supervision as a result of training in supportive supervision and the use of action learning as a team work and problem solving tool within the facilities. Thus training in supportive supervision using interventions such as STEM may be helpful not only for improving supervisors knowledge but also to promote the acceptance and practice of supportive supervision and positively influence health workers motivation and satisfaction with their supervision. The movement of staff within and across facilities and districts may prove a challenge to such an approach but this can be addressed by policy interventions to reduce health workers transfer outside their districts.
Though the analysis demonstrated several benefits of STEM on supervisors' perceptions of their competencies, there are several factors which can affect the success of supportive supervision beyond the capacity of supervisors. This may include the organisational structure and the health care system. Logistical and financial constraints are major limitations to supportive supervision in low-income countries.
Conclusion
In conclusion, the intervention has developed, training materials and learning tools to enable effective supportive supervision to happen at a facility level. In the districts where this has been implemented, there is evidence of increased supervisory activity at the facility level, improved supervision competency, and increased health worker satisfaction with supervision. The government of Tanzania should further explore the success of the intervention by continuing the process in the districts studied and scaling up the implementation of the model in other districts for sustainable results. The materials and tools for the intervention have been made available to the Ministry and civil society organisations, and we suggest that a plan be put in place to extend the intervention beginning with the control districts in this study. We strongly advise continued monitoring of work environment indicators and retention rates to track whether the positive outcomes from the intervention endure over time.
